The past decade has seen tremendous growth in the global use of information technology (IT) as a pivotal tool to gain competitive advantage. Organisations and enterprises often seek to optimise their IT-related operations by using the best available internal and external resources to achieve the greatest profit or output attainable through this technology. This has led to the increasingly important role of IT outsourcing in today's managerial and administrative approaches. The present study proposes an IT outsourcing model that employs an interval-valued intuitionistic fuzzy approach. The proposed approach uses the Shannon entropy in intuitionistic fuzzy environment to determine the weight of experts and those of IT outsourcing criteria. These weights are then used to obtain the aggregate expert opinion matrix based on the principles of interval-valued intuitionistic fuzzy numbers. The intuitionistic fuzzy TOPSIS is used to prioritise the suppliers. The proposed model is implemented for a governmental organisation with seven supplier-and six IT outsourcing criteria.
Introduction
Information technology (IT) is a modern phenomenon created by the extensive use of computer systems in organisations. It is safe to say that the future belongs to systems that can adapt themselves to the realities and needs of IT (Kolodinsky et al., 2004) . As a result, modern organisations and enterprises consider IT as one of their most important functions (Venkatesh et al., 2012) . This high level of attention is reflected in the fact that more than 50% of business investments aimed at gaining competitive advantage are focused on IT-related affaires (Chou and Chou, 2009 ). Global, regional, and local technological developments affect the behaviour of enterprises and organisations. So, understanding the modern environment and ensuring active compliance with its needs and implications are among the most important features of a leader running a successful organisation or business. Proper outsourcing is one such need (Woody, 2004) . Outsourcing is defined as the arrangement through which an organisation makes a contract with a supplier to provide goods or services (Baird and Schoch, 2013) . Information and communication technologies are becoming increasingly complex and specialised. This leads to a growing trend among organisations and enterprises to outsource their IT-related operations (Harland et al., 2005) . Outsourcing, particularly IT outsourcing, in different sectors is a growing practice at all levels. Therefore, effective management of outsourcing projects is a major challenge for an organisation (Swar et al., 2012) . Thus, outsourcing is one of the most important decisions for an organisation or business. It can affect its performance from different qualitative and quantitative aspects (Caiyun et al., 2008) . Since the late-1980s, there has been a growing trend of outsourcing in Western enterprises (Yong and Ma, 2008) . So, many other organisations and businesses have followed suit to maintain their competitive advantage in global markets and reduce the risks of investments (Adeleye et al., 2004; Claver et al., 2002) . The main objectives of an outsourcing process are to speed up decision-making, specialise operations, reduce risks, improve quality, increase competitiveness, improve performance, increase efficiency, risk management, and provide quality products and services to customers (Baird and Schoch, 2013; Bajec and Zanne, 2014; Yilmaz and Beduk, 2014) . As decision-making affairs and problems become more complex, decisions become increasingly fraught with uncertainty, which necessitates the use of tools that are more accurate and powerful than the fuzzy set theory (Chen and Li, 2011; Deschrijver et al., 2004; Park et al., 2011; Tan, 2011; Wu and Zhang, 2011) . In 1986, Atanassov expanded the fuzzy set theory and introduced the concept of intuitionistic fuzzy sets (IFS). Since then, IFS theory has become increasingly popular (Zhao and Wei, 2013) as an effective tool to deal with uncertainty in decision-making problems (Park et al., 2013) . This paper studies the application of IFS in decision-making problems that are burdened with uncertainty. It then introduces a new hybrid IT outsourcing method by combining entropy and TOPSIS in interval-valued intuitionistic fuzzy (IVIF) environment.
Literature review

Information technology
IT is a major factor in the formation of industrial features of competing organisations and enterprises. It plays a fundamental role in altering the balance of power between institutions, governments, and people by publishing useful information (Goldman et al., 1995; Zain et al., 2005) . IT consists of technologies that help us capture, store, process, retrieve, transmit, and receive information. The development of IT as a technological aspect of organisation can improve the individual and organisational performance, particularly in cases associated with information processing (Nicholas, 1995; Kenneth et al., 1993) . In fact, more than 90% of the senior executives surveyed believe that proper use of IT contributes to innovation and creates added value for business (Sambamurthy and Zmud, 2004) . The constant developments in IT have pushed organisations and enterprises to outsource their IT-related functions. In recent years, there has been a growing trend of IT outsourcing in all varieties of enterprises (Aubert et al., 1998) . This trend is reflected in a research by Gartner, which reports an increase from $180.5 billion in 2003 to $253.1 billion in 2008, showing a compound annual growth rate of 7.2% (Lacity et al., 2009; Lingmin and Ruiqiong, 2014) .
Several researchers have provided similar definitions regarding the proper outsourcing of an IT operation (Akomode et al., 1998) . Overall, IT outsourcing can be defined as "significant participation of an external actor in procurement of IT-related physical or human resources for target organisation; or the transfer of assets in form of human, network, software or hardware resources from the organisation to an external partner, which will be then responsible for the outsourced operations" (Hendriks and Sousa, 2006) . Licity and Hirchim (2000) have also defined IT outsourcing as delegating the management of IT-related assets, activities, and personnel that are needed to achieve a specified performance level. These include data centre, network and communication management operations, system maintenance and development, and training. The growing trend of IT outsourcing in organisations and enterprises has led to the expansion of literature on outsourcing risks, factors affecting outsourcing, and outsourcing criteria (Lacity et al., 2009; Lingmin and Ruiqiong, 2014; Keramati et al., 2013; Mersin and Polat, 2013; Baird et al., 2013) . For example, Swar et al. (2012) concluded that good relations between the providers and recipients of IT outsourcing services are needed for successful performed arrangements of IT outsourcing. Prasad et al. (2012) showed that cultural values significantly affect employee performance in IT outsourcing activities, and that the cultural identities created in the relationship between the customer and the vendor are an important subject in a big deal. Juga et al. (2012) concluded that perceived service quality affects customer satisfaction and loyalty. In logistics outsourcing, Kumar et al. (2012) showed an effective decision support system is necessary for business process outsourcing in Indian industries.
Interval-valued intuitionistic fuzzy set
IFS is an extension of fuzzy set theory (Zadeh, 1965) , which was first introduced by Atanassov(1983) to deal with uncertainties. While the original fuzzy set theory deals only with the membership degrees, IFS employs membership degrees along with non-membership degrees in a setup where the sum of the two (membership degree and non-membership degree) is less than one (Zadeh, 1965) . IFS theory is a widely accepted approach in various fields of scientific study (Atanassov and Gargov, 1989; Atanassov, 1989; Szmidt and Kacprzyk, 2000; Ban, 2006) .
Definition 1: Consider the reference set X = {x 1 , x 2 , x 3 , …}. IFS A, which is a subset of X, is defined as below:
In the above definition, u A (x), v A (x) are the membership and non-membership degrees that are defined as u A (x): (Atanassov, 1986) .
is an intuitionistic fuzzy number that satisfies the following conditions:
It must be noted that while an intuitionistic fuzzy number is similar in appearance to a triangular fuzzy number, it represents a different concept. A triangular fuzzy number comes from a convex and normal fuzzy set with a definite membership function where ( ) . a b c ≺ ≺ But an intuitionistic fuzzy number is a point in the three-dimensional space formed by axes u ij (x), v ij (x), π ij (x) (Szmidt and Kacprzyk, 2001 ). Atanassov and Gargov (1989) have described the intuitionistic fuzzy number (0.50, 0.20, 0.30) as an analogue to a debate where there are 0.50 votes in favour of an argument, 0.20 votes against that argument, and 0.30 abstained from voting (Atanassov and Gargov, 1989) .
IVIF numbers
On many occasions, the definite values of membership and non-membership degrees cannot be easily determined. In such cases, considering a range of values (instead of a single definite one) can provide better leverage to deal with the uncertainty (Jin et al., 2014; Wang and Liu, 2013) . The works of Atanassov and Gargov (1989) , who developed IFS and introduced IVIF numbers, were based on this perspective. They defined the membership degree as an interval with a higher bound and a lower bound, i.e., [ ( ), ( )]. (Atanassov and Gargov, 1989) :
According to Atanassov and Gargov (1989) (Chen et al., 2012) . These numbers are better suited to deal with uncertainty and provide a more logical mathematical framework to deal with inaccurate and incomplete information (Zhang et al., 2010) . Some of the relationships and operators defined for these numbers are mentioned in the following. For simplicity's sake, these numbers are expressed as ( 
are two IVIF numbers and λ is a real number, the following relationships are true (Zhang et al., 2009 ):
where 1 c α is the complementary parameter of 1 . α ( )
The design of outsourcing model in the IVIF environment
Proper evaluation, ranking, and selection of IT service providers to which the enterprise or the organisation wants to outsource its IT operations not only play a major role in the profits but also affect the quality of product, service, or commercial activity. In today's competitive markets, these factors will, in turn, have an undeniable effect on the lifecycle and success of that enterprise. But precise evaluation of these suppliers (IT service providers) is not easy. Verbal evaluations performed by the individuals (experts) are involved with a degree of uncertainty. So, it is safe to say that the IFS theory is more capable of dealing with the ambiguity in this kind of evaluation. It can yield more accurate results. On this basis, this section presents a new group-decision-making model that combines entropy and TOPSIS in an IVIF environment to optimise IT outsourcing.
Assume that m number of suppliers A i (1, …, m) is evaluated by a group of h experts TM k (1, …, h) according to j number of IT outsourcing criteria (j = C 1 , C 2 , …, C n ) using the IVIF linguistic variables listed in Table 1 . Source: Wang and Liu (2013) Suppose that
is the IVIF degree of the i th supplier in the j th IT outsourcing criteria, which is evaluated by the k th expert in group TM k , and q k (k = 1, 2, …, h) is the weight factor representing the relative importance of each member in the group, so that 
Based on the above assumptions, n number of IT service providers can be ranked by following these steps:
Step 1 Weighting the experts and the outsourcing criteria through the use of IVIF entropy method This paper uses IVIF entropy coefficient developed by Li et al. (2015) to weigh the experts and outsourcing criteria in a group-decision-making process. The following procedure is used to determine the weight of experts:
Definition 1: Entropy of experts.
Assuming that E k is the entropy of K th expert, we have:
where S ik can be calculated via equation (14):
( 1 4 ) Equation (14) is based on the function score proposed by Xu (2007) . This equation is commonly used to calculate the value of K th expert for the i th supplier (Qi et al., 2011) .
Definition 2: Weight of experts.
Rules of entropy imply that when a system is highly disordered, the value of its entropy is equally big. So, the entropy weight of k th expert can be calculated via the following equation:
Once the weights of all experts are determined, the aggregate experts opinions matrix ( ( )) R m n × must be obtained. Elements of ( ) R m n × are in the form of
which represents the evaluation of i th supplier with respect to the j th criterion. This means that all evaluations conducted by all experts with respect to all criteria are put together. So, in the overall evaluation, this matrix is considered to be in the following form:
( 1 6 ) where q k ≥ 0, i ∈ 0, 1, 2, … h,
Once the aggregate expert opinion matrix is determined, the interval-valued intuitionistic fuzzy set (IVIFS) enthropy method will be used to determine the weight of each criterion.
Definition 3: Entropy of criteria.
Assuming that e j is the entropy of j th criterion, we have:
( 1 7 ) where h ij can be calculated via equation (18) 
In equation (18), the relative importance of criteria and suppliers are independent. Equation (18) is based on the Euclidean distance from IVIFS. The IVIF number ([0.5, 0.5], [0.5, 0.5]) has no degree of doubt but has maximum entropy. This means that this number is associated with equally positive and negative evidences, and cannot be used to properly describe or judge fuzzy information. 
Definition 4: Weight of criteria.
According to the theory of entropy, when the j th criterion has more entropy than other criteria, the value of the j th criterion between each criterion and the optimal strategy will have the smallest difference. To facilitate the overall evaluation, the weight of j th criterion can be determined via e j . W j , which denotes the weight of j th criterion, can be calculated via the following equation: is the weighted supplier evaluation matrix, which must be determined by equation (21).
Step
Determining the positive and negative ideal values
The positive and negative ideal values will be determined by equation (22), in which the criterion is positive (profit), and by equation (23), in which the criterion is negative (cost).
( )
Step 4 Calculating the distance of each option from positive and negative ideals
The distance between two IVIF numbers can be calculated by several methods. This paper uses the method proposed by Hamming to calculate the distance of each supplier from positive and negative ideals. This distance can be calculated via the following equation (Li et al., 2015) .
Step 5 Calculating the closeness index The closeness index (C i ) of each criterion will be calculated via the following equation.
Once the closeness index of each criterion is determined, options (suppliers) will be ranked in descending order. Any supplier that has a greater will have a better rank.
Research findings
The present study is an applied research, which aims at using entropy and TOPSIS techniques for IT outsourcing in IVIF environment. For this purpose, the proposed approach was implemented in a government organisation. The data needed for the proposed approach were collected based on questionnaires and experts of the studied organisation. In this case study, a government agency was evaluating seven IT service providers to outsource its IT operations. According to experts, the six criteria of quality, cost, flexibility, experience, technical capability, and reliability were chosen as the critical factors of IT outsourcing. After determining the IT outsourcing providers and their evaluation criteria, a questionnaire was designed and distributed among experts. In this questionnaire, each of the seven suppliers in the six mentioned indexes was assessed using verbal expressions (Table 1) . After collecting the experts' verbal assessments, verbal data were converted to intuitionistic fuzzy numbers corresponding to Table 1 . These results, which are based on the opinions of four experts, have been shown in Table 2 . Table 2 supplier evaluation results obtained for the problem of IT outsourcing and via the IVIF numbers (for the first supplier) Step 1 Determining the weight of experts via the entropy method
Equations (13) 
In the end, the weight of each expert was determined via equation (15) .
As the results show, based on IVIF entropy, the third expert's opinion is more important than the others. Next in importance is the second expert's opinion, then the fourth, and then the first. 
Step 2 Obtaining the aggregate expert opinion matrix Based on the weights obtained for experts and equation (16), the aggregate expert opinion matrix ( ( )) R m n × was determined. A part of the aggregate expert opinion matrix is as follows. Table 3 The aggregate experts' opinions matrix ( ) R m n × for the first supplier Step 3 Determining the weight of IT outsourcing criteria
The matrix of Table 3 and equations (17) to (20) were used to determine the weight of each IT outsourcing criterion. These weights are presented in the following: These results suggest that criterion C 3 (cost) has the highest weight among the six criteria. Criteria C 2 , C 4 , C 1 , C 5 , and C 6 are important in decreasing order.
Step 4 Forming the weighted supplier evaluation matrix for IT outsourcing problem
The weight vector of criteria was multiplied in the matrix ( ) R m n × via equation (21) to obtain the weighted supplier evaluation matrix N(m × n) of IT outsourcing. A part of the weighted supplier evaluation matrix of IT outsourcing is as follows.
Table 4
The weighted supplier evaluation matrix N(m × n) Step 6 Calculating the distance of each option from the positive and negative ideals and determining the closeness index
Equations (24) to (26) were used to determine the distance of each supplier (IT service provider) from positive and negative ideals, and to calculate the corresponding closeness index. These results are presented in Table 6 . 
Conclusions and recommendations
The past decade has seen tremendous growth in the global use of IT as a decisive factor that significantly contributes to competitive advantage. Organisations and enterprises often seek to optimise their IT-related operations by using the best available internal and external resources, and consequently, achieve the greatest profit or output attainable through this technology. This has led to an increasingly important role of IT outsourcing in today's managerial and administrative approaches. This importance is also reflected in the special emphasis of business and academic journals on the subject of IT outsourcing. IT outsourcing enables managers to reduce or control operating costs (Claver et al., 2002) , focus on the key aspects of business and competitive advantage (Kahraman et al., 2008) , increase profit by eliminating the wages paid for internal IT resources (Watt et al., 2010; Almeida, 2007) , increase flexibility (Chen and Wang, 2009; Claver et al., 2002) , and allocate resources to core income-generating operations (Kahraman et al., 2008) . So, the proper assessment of IT service providers to which these operations will be outsourced is of utmost importance. The present study proposed an IT outsourcing model based on the IVIF approach. In IFS theory, each member has a membership degree and a non-membership degree. Together, they inject the uncertain nature of the decisions to the problem. This approach leads to a decision matrix with more accurate and reliable variables, and subsequently, to a more efficient and effective decision. Literature on this topic contains several types of intuitionistic fuzzy numbers but the most common type is the IVIF numbers. These help decision-makers use intervals instead of specific numbers to express the membership and non-membership degrees of a member. On this basis, this study used IVIF numbers for supplier evaluation in the context of an IT outsourcing problem. In a case study, seven suppliers (IT service providers) were evaluated by the experts with respect to six IT outsourcing criteria. The proposed approach used the Shannon entropy in an intuitionistic fuzzy environment to determine the weight of experts and IT outsourcing criteria. These weights were then used to obtain the aggregate expert opinion matrix based on the principles of IVIF numbers. The intuitionistic fuzzy TOPSIS was then used to prioritise the suppliers. The design of the proposed model in IVIF environment enables the decision-maker to clarify the ambiguities involved in supplier evaluation and to incorporate the uncertainties of the real business environment into the assessments. This approach causes the decisions to be more fit and closer to reality. The proposed approach can be used to evaluate other similar cases.
The most important limits of the proposed approach can be the process of IVIF data's collection and its performance calculations. In the end, it is suggested that future researches use other weighting criteria methods, such as AHP, ANP, etc., in an IVIF environment. Also, it is suggested that other techniques of intuitionistic fuzzy multi-criteria decision-making models, and particularly, IVIF linear programming models, be used in field supplier selection.
